Abstract: Completing a construction project with the minimum time and cost is important in an efficient environment. However, decreasing the time of any construction activity usually requires the appointment of additional manpower, construction equipment or the adoption of construction techniques and these usually increase cost liabilities to the service provider. Several analytical models have been developed for Time-Cost Optimization (TCO). The present study deals with construction scheduling and Genetic Algorithm (GA) optimization solvers in MATLAB. The Performance of the GA optimization solvers mainly depends upon the parameters of GA which has been found out according to target and actual duration of project for feasible solution. Finally, it is concluded that Genetic Algorithm (GA) could produce the most optimal solution and establish the fitness functions by evaluating the objective functions, constraints for time cost optimization (TCO), especially when project is huge and complex. It is also clear that Time Cost Optimization (TCO) achieved successfully and minimizes the total costs of project approximately.
INTRODUCTION
In the construction since 1990's Critical Path Method (CP-M) and Program Evaluation and Review Technique (PERT) are usually used in scheduling of construction projects. The main reason of scheduling is to minimize the total duration of the construction project. In last numerous years' costs of construction resources have gradually rises. So effective planning and estimation of project time and cost is dominant to a contracting organisation. Sorrentino (2013) used an artificial intelligence technique for the planning of an infrastructural construction work, with the aim of optimizing time cost simultaneously. Kaiafa et al. (2015) proposed resource allocation optimization aims at minimizing the total cost that results from resource over allocation, project deadline exceedance and day-by day resource fluctuations. Due to the large number of activity execution alternatives, a genetic algorithm has been employed for the optimization. Mendes (2015) developed a new hybrid genetic algorithm for the optimization of the two objectives time and cost. The results indicate that this approach could assist decision-makers to obtain good solutions for project duration and total cost. Afterwards Saji and Shobhana (2016) described resource levelling is crucial for effective use of construction resources to minimize the project costs. Optimal allocation of resources can be achieved by resource levelling using genetic algorithm (GA) in MATLAB software successfully. Recently Bhosale et al. (2017) described planning and scheduling is important role in construction projects because of the increasing complexities in this field. ResourceConstrained Project Scheduling Problem (RCPSP) considers limited resources availability and duration of activities and required resources, linked by sequence relations. This paper provides a review of construction scheduling and solving a Genetic Algorithm by optimization tool solver in MATLAB for time and cost optimization of high-rise building. This selected tool gives a detailed account about availability hours, working hours, and idle hours allowing construction industry to decide about the wastage hours. It also enables them to decide the equipment and gives ideas about reducing the idle equipment, thereby reducing cost and maximizing profit respectively.
STUDY AREAS AND DATA ACQUISITION
The present study is focused on scheduling and time cost optimization of CRYSTAL IT PARK Phase-II by Genetic Algorithm. 
METHODOLOGY
There are different methods for optimizing resources. All methods have their own benefit and drawback. The various methods are Genetic Algorithm (GA), Swarm Intelligence, Neural Network, Artificial Immune systems, Fuzzy systems and Ant Colony optimization etc. Out of these methods, for this paper the optimization technique considered is Genetic Algorithm. This method is considered for multimodal function problems, with a frequent change in nature the Genetic Algorithm are the best choice for optimization. This technique may be slow but robust in nature and confirm produce the possible best solution for optimization. When the best optimum solution is obtained the program gets stopped. This solution is the final output. Otherwise next generation is developed by doing the same process of crossover and mutation.
The best optimum solution is considered.
Problem Formulation
The case in view is an optimization problem whose objective is to minimize the cost and time of project by Genatic Algorithm (GA).
Subject to,
Where, i = Denotes a vector composed of objective function.
The acquired data from Crystal IT Park phase-II, Indore is used in this study and further worked in Primavera (P6) software, as this study focuses on the construction of the high-rise building. Each activity has been converted into work breakdown structure (WBS). The details of each activity in terms of duration are required to analyse the risks of construction schedule. The duration for each activity is the time taken to complete the activity if the construction progress on site is running smoothly according to schedule. To determine the completion time of the project using PERT analysis, the three estimates of all activities must be considered. The expected duration and variance for each activity should be calculated. After the completion of the tool further calculation is done in MATLAB, using Genetic Algorithm and by this time and cost is identified.
Genetic Algorithm for Optimization Problem
In a GA, a population of candidate solutions to an optimization problem is derived toward better solutions. Each candidate solution has a set of properties which can be mutated, in binary as 0 and 1 and other are also possible. The GA usually starts from a population of randomly generated individuals and is an iterative process in each iteration called a generation. In each generation, the fitness of every individual in the population is evaluated as the fitness of objective function in the optimization problem being solved. The more fit individuals are selected from the current population, and each individual's is modified (recombined and possibly randomly mutated) to form a new generation. The new generation of candidate solutions is then used in the next iteration of the GA. Essential steps of GA as shown in Figure 1 . 9. In stopping criteria generation and stall generation should be taken as 200 and 300 respectively.
10. In Plot function Best fitness, Best individual, Range, and Stopping criteria check box should be selected.
11. Level of display should be Iterative.
After entering all these values optimization starts and we get the result we use for the minimization.
RESULTS AND DISCUSSION
This paper only concentrates on the time cost optimization whereby the project must be completed within the target duration. The parameters set for this study are as follows:
Parameters set for this study are as follows: Solution: 1 & 2 Project desired (deadline) duration: T t = 730 days Project actual duration: Ta = 730 to 750 days Penalty ratio when (T t − Ta) < 0) : Kp = 50, 000/day Project indirect cost: C i = 75, 000/day Solution: 3 & 4 Project desired (deadline) duration: T t = 730 days Project actual duration: Ta = 700 to 730 days Penalty ratio when (T t − Ta) < 0) : Kp = 50, 000/day Project indirect cost: C i = 75, 000/day Solution: 5 Project desired (deadline) duration: T t = 760 days Project actual duration: Ta = 730 to 760 days Penalty ratio when (T t − Ta) < 0) : Kp = 70, 000/day Project indirect cost: C i = 70, 000/day For present case study five solutions with different parameter as mentioned above with inputs and outputs as shown in Table 2 . For first solution when selection, crossover and mutation factor is 0.85, 0.75, 0.25 respectively for 200 population, 200 generations and Ta = 730 − 750 days we get total project cost 504,800,000 Rs/− from the performance of GA solver as shown in Figure 2 . While for second solution when we increase no. of generations 300 then selection, crossover, mutation factor is also increased 0.90, 0.80, 0.35 respectively, thus we get increased total project cost 524,800,000 Rs/− from the performance of GA solver as shown in Figure 3 for same target duration as taken as in first solution. Similarly, for third solution when the value of selection, mutation and crossover factor as same as previous solution for 200 generations we observed total project cost of 491,000,000 Rs/− is decreased in comparison with second solution as shown in Figure 4 . From the fourth solution it is clear that if the value of all the three factors are decreased then the value of total project cost is also decreased as 481,000,000 as shown in Figure 5 , from the performance of GA solver. Lastly if we increase the actual duration project because of delays in project the entire project cost is increased up to 553,300,000 Rs/− from the performance of GA solver as shown in Figure 6 .
CONCLUSIONS
The present case study shows that GA can be applied in establishing an optimal time-cost balance for construction projects. By considering penalty costs into the consideration, the time-cost relationship would become more complex and dependent on data. However, GAs show better results in solving this type of problem in small and huge construction projects. From the present study following conclusions are made.
1. Performance of Genetic Algorithm (GA) optimization solver well with a given set of GA parameters.
2. Genetic Algorithm (GA) search from a population of solutions rather than a single solution i.e. guarantees the global searching. 3. The minimization of objective function for different solution with respect to GA parameters is achieved successfully and avoids complex formulation of mathematical models.
4. From present study stopping criteria of GA optimization solver is achieved successfully.
5. With the help of GA optimization solver, we get the best, worst and mean scores of generations.
6. GAs show faster and efficient results in achieving time cost optimization with given population and generation.
More research efforts appear wanted to validate this initial finding and ensure continuous improvement in the field of construction industry.
